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A CASE STUDY OF BACTZRIAL LE.L? 2LIGET OF WETLAND RICE

Nogyo oyobi enzei G. Kordo and T, Harada,
TAgriculture and Horticulture), LXil Agricultural Improvement
26, No. 5, 533(1951) Station, Ministry of

-563 Agriculture and Forestry

Cases of bacterial leaf blight of wetland rice and result-
ing crop damage have been reported froa various parts of the
country from year to year. Hith respect to this psrticular disease,
there have been reports from Nakada and Ishiyanma, and also the
Alchi, Kumamoto, Saga, and other Agricultural Experinental Sta-
tions which have clarified to some extent knoirledge concerning
the pathogen, the clrcumstances of occurdfic€ of the disease,
methods of control, and which have also contributed to the develop~
ment of resistant strains.:' The Kogyolu and Koganer~"u stralns
developed by the Aichi PrefPctural Agricultural Experimental
Station are known to be particularly disease resistont, and these
varieties have been recommended to farmers in various prefectures.

In 1949, there was an epidemic of tacterial leaf blight
in Alchl Prefecture with the disease occurring as early as late
July in some parts and the disease developing so rapidly such that
the terminal leaf was observed to be infected when the ear was
being formed. Under such circumstances, it is necessary to make
a detalled on-the-spot investigation of the crop damage inourred,
to inact emergency measures, anl to study the growth of disease
resistant varieties, improved methods of cultivation, and perma-
nent measures for control of the disease.

Baged on this viewpolnt, several actual surveys were con=-
ducted in the vicinity of Togo village in the county of Minami-
setsuraku. The survey was generally conducted on the basis of
different river systems. Within a group of laris of a water
system, individual paddlies were studied. Ve furthor invoctig-.w I
the relation between the rice variety and disease oLcuULTANIS waee
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also the relation tetween disedse occurranse oni the rmothed 7
cultivation. This report includes Thc relulis O ULl Lwmveool-
gation conducted on and around Septenmter 10 axnd Ocvoter 20.

1., Belief and soils of southern part of Ninami-setsuralu County.

The topography of the lard vhich was investigated cousicied
of the ridges of thie Gaho cuntalns, Turtilll CoLoT=iols, 10LLiwa
to the north of ths area, ani the southn beiag vouaded by Lo
Toyo-kawa (river). The area betiucen thz mounitcins cnd the river
was a diluvial terrance, nost of 1% Laing foroed. Tacre wel
numerous streams of & to 12 feet widih orizintiing in 02 niie
tains, forning & pectinated pattern croininzg the touzss, v.oLn
each of these stream systems irriscoting nonres 0 wide vwool. of
terraced wet paddies, and the systems bcing sepexated by vy
farmland. Small dams were approprisicly located on these streazs
to g:ovzde irrigation water for the associated wet paddies of the
systen,

Pigure 1. Relief map of southern part of Minami-setsuraku-gun,
Legend: (1) Gunka-gawa. (2) Noda-gawa. (3) Tamachi-gawa.

(4) Nakano-gawa. (5) Hanba-gawa. (6) liiya-kawa. (7) Rengo-gawa.
(8) Gotanda-gawa. (9) Taikai. (10) Wet paddy.

The so0il was a mixture of acid soils containing gneiss, granite
particles, and humus (See Figure 1).

a est ted

The area investigated consisted of the rice paddies
irrigated by the tributaries draining into the Toyo-kawa (river)
contained in the political subdivisions Togo-mura (village),
Shinjo-machi (town), and Sengo-mura (village), the investigation
being conducted according to individual tributaries. The nanmes
of these streams amd adjoining localities are as follows:




Tcilnitcmelkegalnrs

Gotordo-pavia \ &= DAL

Rengo-gava SUnsG —> Yasolnino ~y L Lllniioes Xoainll

Miya-lava Ushlzues — Culya —y Qczicaa—> Kavs ji

Hanba~gava Ushiliara, Yate, Teminasa—> Tomizaw

Okino-gava Xenihirsl —Hiral — Tomizawa B

Tapachi-gawa, - Xatoyorna-— Tozo, Senzo-mura boundary
Hizoi— IBchicrai-~nocnl

Noda=-gawa Tomusada, Uocwio— Zeel— Sura—rlicia
M2losghijo

Gunkal-gawa rnowada

2., Incidence of disease by axrca

The areca studied was known for its hizh inciceance ¢
bacterizal leaf blight of the rice plont in past years, and in
1949, infection of the secord ard third leaves was noticed as
early as late July, with the disease sprcoding very rapidly. It
was noticed that within the area, there were varizafions in the
incidence of the disease, and this prempted our atiention to
investigate this area.

Between September 9 and 11, tacs situation :oxncerning
bacterial leaf blight infection in the entire busins of nine
streams was investigated, attention bainz paid to differences
between river systems as well as to the locatlon of iz rice
paddies within a basin. According to the resulis siwmmarized in
Table 1, it can be seen that seven of thc ninc river systems had
bacterial leaf blizht, also that there were differences between
the river systems with respect to severity of thz disease, also
that infection in the upper and niddle eachez of the river
systems generally meant that there was progressively severs
infection of rice plants also in th2 lcier reaches of these
rivers. It was also noted that the distance between the Taikai
system, which was uninfected, and the Gotanda systen, one of the
infected systems, was only a few hurndred yards. It can be con-
cluded from these results that the distribution of bacterial
leaf blight infeoctlon 1s somehow related to the irrigation system.

3. Investigation of individwal rice paddies in a particular
infected area.

The Matsuda sector in the Okino-gawa basin, where the
disease was particularly rampant, was seleccted for a detailed
paddy~to-paddy survey from October 19 to 21. The survey was mainly
in the localities of Ichinomichi, Takshashi, Matsuda, ani Banba,
with no infection observed in the upper reachss of ths river,
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Table 1. Incidence of bactorizl leal wiisht &izcoac Ly avel

sysven
Neme of river Bacterial leaf biizht dizcase
Dezree Location oane ¢ Loeolilvey
Taikaitameikegakari None
Gotanda-gawa Slight Eidstrecox Yasolho
Rengo-gavwa Severe From nmidotrean | Calcairo, Fhunlll
Miya-kawa Sevsre Fronm vpsvorsam Usrilzues, ToLiiild,
Tcnizauva
Hanba~gawa Moderate | Froz dovmstream | ToxizZawa
Okino=-gava Severe Froa nldstream |Kanikiral, EHiral
Tamachi-gawa Severe From midstream |Hirai, Nishiar-
ainmachi
Noda-gava Slizat Downstrean Nakashi jo
Gunkai-gawa None

Bacterial leaf blight of the rice plant generally started
with infection of the lower leaves, with the infection moving to
the upper leaves such that by October 20, the extent of the
disease could be judged by observation of infection of the terminal
leaf. The severity of the disease was judged according to the
following criteria:

(1) Infection of only the lower leaves with no infection
of the terminal leaf.

(2) Slight infection of the terminal leaf.

(3) Infection of 1/3 of the terminal leaf.

(4) Infection of 1/2 of the terminal leaf.

(5) 1Infection of 2/3 of the terminal leaf.

(6) Infection of the entire terminal leaf.

As can be seen from Figure 2, the disease was found in 2ll
of the rice paddies of the area investigated without expection.
Similar to the situation in the other river basins, there was less
indicence of the disease upstream towards Ichinomichi but progres-
sively severe infeotion downstream. At the same time, there roile

differences between individual rice paddies in the Qoyrec ¢l i~
feotion with bacterial leaf bligat.
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dithin & sinzle »adldy, thize s
degree of irTcetion, Cnd TheIE Wol QLU0 VULl Lol il Yo
Trat iz to ooy, in the carly stozes ef iatcerioa excunl igte Juiy
to early Zuzust, severest inlcetion wos found cmongzg plants loca-~
ted near the water intalie ¢f tac paddy, witiha scattered infection
of other plants in the same paddy.

P P S £ et
glco vorlotion Ln i

Flgure 2. Incidence of disecse in lasuda orea.
Legend: (1) Okino-gawa. (2) Irrigzation ditch. (3) Identification
of farmer. (4) PFigures indicate degrece of severity of disease.

The scattered infection is assumed to be due to infection in the
seed beds prior to transplanting to the zmain paddy, while the
infection of plants nsar the water intale 1s assumed to be a
primary infectlon.

With grouth of the rice plant, the attern of infection in
a single rice paddy changes, that is to say, the initially severe
infection near the water iantake is no longer serious. When a
water channel is established along one side of the paddy, infection
i1s clearly lighter alonz such a channel, and this seems to mean
that the colder water experienced ncar the water intake and in
such a water chaniel tends to inhibit developrent of the disease.

4. Degree of infection and variety of rice plant.
In the Matsuda area, thz Alchi-asahi variety of rice 1is
predominantly grown, wilth other verieties such as Tokai-asahi,

Hashushimo, Koganemaru, and indigencus mochigome beling cultivated
in insignificant quantities. The cilect of variecty oa inlectlion
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4 to the disease was studled with respect Lo snozes voricsicso.

In the survey of September 10, all five voricties werc
observed to be equally infected, the degree of infection amcunt-
ing to total covering of the fourth and fifta leaves with lesions,
some lesions on the secod loecf, and occasional lesions on the
terminal leaf.

In the survey of October 20, Alchle-acchi, Toln’l-acsk
Hatsushimo were found to be heavily inlectid, walle Ko;;“”x”“
and indigenous mochigome were found to e relatively rizacly cl-
fected by the disease. From a distance, cuidse Che ;reyis;—:h;;c
fading of the former three varietles could bu scen the goldex

» ripening ears of plants of the varietles Kogzarcmzoru and ixndigenous
mochlgone.

5. Relation between method of cultivation and infection.

In order to establish a relation betiteen *he method of
cultivation and the incldence of the dicezse, t.ic authors cu-
barked on interviews with the farmers, but Que to important wi-
known factors such as the amount of fertilizer used, this rethod
of approach was dropped, ard we conducted studles of the practices
of individual farmers with respect to the dagree of infection,
the relation between the seedbed and the nain pzaddy, and the
relation between irrigation and fertilization practices and inci-
dence of the disease.

(1) Incidence of disease by individual farmexr.

According to Table 2, it can be seen that by individual
farmer in the Matsuda area, there are some differences in the
incidence of the disease related to the method of culitivation.

Table 2. Incidence of disease by farmer.

s, BIR BEENEORRRD :
; aﬂ4R|6x # | a %7
4. 54 04.04. 5'4 84.55.0 ’
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Legend: (1) Identirication of 0armer. (2) vnr‘ety o¢ rice.

(3) Aichi-asahi., (4) Kogzanremaru. (5) Tiuidence in soo'lii,

(6) Incidence in main paddy. (7) Rezavis. (8) Ssedicd cubwdlisned
in uninfected land.
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(2) Differerce in insidenc: ¢l (lozons TLouEia s.otuog and
z2in paddy.
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In Pipgure 3 ic shown the rel t 20 Ehn Lrnclicoue:

" disease in the scedrzd after rhuabeﬂnt;“u Sl UL ancilernce
o; Giscace wu viw bl Dol e 40 G w2 £2cn thot where infece-
tion 1s high in the =cedicéd, there isc also & kiza de~“ee of
infection in the main paddy. Consicoring thie cazes of larmers
E and G listed in Tudble 2, wiosc cocllilz oz balh 1cca'c; EHpT

stream in the saze river Ttocinz o uwalnlsel.d oo, s Lmrtutian
< - L P e . &
of rice plants in tkc modin polllos ¢f tlhico. © Ls Lo Towlll o
RN dotp o, : BN o T TP S I . .t P
B conside:aely lezs Chona i Uhe pOLLLCL o Uonliro Wit dlozriild
"~ &t ~, - - s = - A -y~ re ™ Ja £l -
seedbeds I eam T2 SCem VLD QLSS LlolTuds mozule Luotu -
bl e 2 . B Ot - S S ca N e - P I R P T T L LA A N
naxry im cu_ui kel v.,.u.'uk. WClon & LD S LS LS TA L. GU LULCT oLV W
e . - BRI A -~ . .- s M do em ™ e e e S
Sag maia VLY WALLC £llloUs U0 VliaLielLell LilllllE SISO Gl el
- LT D o o e P .. S e -t S
into dlscoscd naddies WLill Incud SSCoIlilr, Lil'ullnii wab wWita
/

less disastrous rosults than in ne Jorzcs cacc.
(3) Monagenment of irrizaticn and other elemints.

In the area investigated, thcre v ne farzer who teniclh
to be neziigent in fertilization 3T¢Cu+ Gy itr LLLo LS JmotT o
being allcired to floir cons““ntly LA*C"*& nis Jildo,.,  Lae grosva .
of rice plants in his fields nco Lureliy to;ica +0 be poor, but
surprisingly, there was very l-utle Cisecce., One of the factors
responsible for this result is no dount the effect of the water
temperature, as once previously descrited.

s .« e ° . o '
‘0_ .. . :' ‘...".
Ut 3 ‘ ., /,.
K’ L A RN Y .

ST

Figure 3. Relation between seedbed after transplanting and the
wmain paddy with respect to incidence of disease.

6. Relation between bacterial leaf blight disease enl the number
of kermels per ear, number of unripened kernels, and weight of
grain,

In order to establish a relation tetween infection of the
terminal leaf and graln yleld ol tic pnoat, wo atuvdicd, woiily
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with respect to the Alchl-zschi variztr of =fnc zrown o Sie
Katsuda sector, the weignt of cn oo, vic mo ool of woiinll
ear, the rucbar of unripened kerrcis, and the weizat of a
thousand kernels.
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-

Although we were nst cble to investirnte he yicld in
this survey, the loss of weisht of ear and oo ani ka ficoxcoce
in the number of unripered Lernels ucre oulfflcicls iri.citons Iy
the deleterious eflfect of the digcous

S
Lo el el

From emong the individual rice roillcs thlen wore stvilicd

PIOGERIR R IR S RN « Fol o I A ENIROTeY
in detail as previoucly describcd, 1f oG ELoLLol, Al

from light to heavy infection, ard frea each of these pacdies,
15 plants with the best ear grouth were szznyicd, the resuits

being shown in Table 3 and Table &,

- v d
plant and nunber of kernesls per ear, nusbor of unripencd iounsls,
and weight of grain.

Table 3. Relation botween bocterizl 2caf blight of tha rice

- [y

. W3E BENAL LR R, ST el
o, BBVt =l
LOTRRE S o g [BTF12E 1A "%
LR E I P 5% 04 AT
c- oo . =} 4 e
- '1.5-3'3& @ .y |25 89 .8+
: : 2.0-}H S J125 83 g
.0 Ll |29 113 9
30 |~ wilc|2s 9 0
‘it 8.0 ", B {3.1 111 i 30.0°
.40 o D | 2.6 97 13 '13.4| 28,9,
RIS N I 7 DY 2.5 92 13 14.4] 29,2 .
« oo 40 ” 1 (2.6 100 13 13.00 2973
4.8 ”, A|24 99 23 23.0 28.2°
N 4.5 . ” Aj25 831 15 -17;0' 28.4
. ' I B
.. 4.5 2 A 25103 22 214 27.9 -
. 5.0 ” A 12.5105 21 20.0 27.3 -
. 5.0 ‘e B |2.4301 24 240, 26.8 .
© 850 ” D |2.5 117 33 25.0 26.9 '«

1Tt 15 e RRRORE HEFLT S o

Legend: (1) Degree of damage (visual observation). (2) Variety
of rice. (3) Koganemaru. (4) Aichi-asahi., (5) Identification
of farmer. (6) Weight of an ear. (7) Number of kernels per ear.
(8) Number of unripened kermels.. (9) Percentage of unripened
kernels., (10) Weight of 1000 Xernels of grain. (11) Remarks:
Average of fifteen plants with largest splkes.
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Figure 4. Relatliorn between toeterial leol bLlizht disease and
ripened sced. '

The recults clearliy shcw thot with e scveritr of the dicecce,
there is a QVV:=ase L TAS Weilnt ol wnm oy arnl the welizht ol &
kernel of grain accompanricd by an icwcase inm the pc:sc:ba;c of
unripened grain, vhiie there is alocct o crnags La the nmuoter

of kernels per ear. Tae nunbzrol kcr“;;; pc: caz 1s *“"7LJ Aot
in the grc.:th of the plent, Uhilv infeeiicna ¢f Lhc nl_nt generally
occurs much later, retardiag growth cu assim11;Q;on of nutrition
and resulting in lighter weight of the fruis.

In our conversations with the forzers during the investi-
gation, 1% was found that t“v disezse was usually severe in
years of drouzht with inadequate irrigotion water, also that the
disease usunlly flared up with depletion of fertilizer in the
soil. Tnesc observations coatradict the results of previously
run tests, and it 1s difficult to prcvide a satisfactory explana-
tion in this case.

7. Conclusion

Although this investigation only covered a smeall area, the
results obtalned were as follows:

Tne incidence of bacterial leaf blight of the rice plant
is closely rclated to the associated water system. In the case of
diseased wvater systems, there is alwvays infection of plants
downstream in the system. There axe e"ﬂznles of nearby but
different water systems with similar conditions, where no blight
1s found. The study shows that, considering the characteristics
of the bacteria, transmission of the disease is mainly through
the seed, ‘straw, or the water systeu, cnd vact ounce infectica
occurs, the disease 1s prorogated downsicaz by vhe ionigavica




water, A4Altihouzn there cue differcnsis L :3@ Leverll ol tre
dicease, infccilon i somonally o ooniloll, Chae Ll .
uLtivatlien hos some Lidlluciiie o Tl oo ol wiitoovlon, o ta
thae caseg where prinmary i;:eou;o“ CooUl e T T Ll L,
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e e et BV e e a B D Meed  weew JV..VQA
of any speeialiy conirol noocwres Lail DO2TCLIS TlL_daiiilin, &
resistant strain, is not crovn in this heivily Lilcotll ared (.o
the 1o yield ard the latc robwristy of this ?_:_VJJ while dac
Alchi-asahl, a susceptidle variety is foveored for 4152 Jalrly nizh
yield.

As previously riicoted iz the dssarintion of Sne tonossab“y
of this area, thae strcais in this cost cxede tae 1and sush tact

river beds are deepd, Ttuaé poddics fornm Garaces on toth tonks, ax
there zre apt to te frcquvnt shertis.s &l

Althougn there are very faur lou=taicl 128, nost of the
paddies are tic~-cron rice p,dgv s. = msowla arco surveyed

is typical of this ¢type of rice faraliond, That is o soy,
although none of the paddies cre ever fully covered uwith water
during the entire g%c‘ing scason, tacre is ucvertheless an overe-
all incidence of the discase., Some o u“- Coylomd »ice gzrown
on the edjoining terraces is also Ccen $0 o ‘”-ecuca with
btacterial lesf blight. Geqe*~17j Tfloccing of the rice paddies
with water 1s considered to te the p:':;:y couse of tacterial
leaf blizht infectlon, but in the casc of this araa, where tho
disease is prevalent, thie cause must cxist in The ordinary
flowing*irri~ation water. Sinece wintzr Uheat iz zroun on the
paddies, disecased straw is left in the Tields to further infect
ard even worsen the disease distuvaticn iz the eciing years.

v

- .- & - - .y
ivrigation vater,

More reeceatly, farmers hove exnrosced e q~rcwring interest
on the subject of disease resiztant varicties, o "luhOd,
various control measures are beirng studied, by far tre most
effective means of control is the development and the use of
disease resistant varieties,
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